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Abstract

Sensory gating refers to the preattentional filtering of irrelevant sensory stimuli. This process may
be impaired in schizotypy, which is a trait also associated with cigarette smoking. This association
may in part stem from the positive effects of smoking on sensory gating and attention. The
relationship among sensory gating, smoking, schizotypy and attention was examined in 39
undergraduates. Sensory gating was indexed by the P50 suppression paradigm, and attention was
measured by the Attention Network Test (ANT) and a Stroop task. Results showed sensory gating
to be positively correlated with performances on ANT and Stroop reflected in better alerting, less
conflict between stimuli, faster reaction time, and greater accuracy. Smokers showed a pattern of a
greater number of significant correlations between sensory gating and attention in comparison to
non-smokers, although the relationship between sensory gating and attention was not affected by
schizotypy. The majority of significant correlations were found in the region surrounding Cz. These
findings are discussed relative to the potential modifying influence of smoking and schizotypy on
sensory gating and attention.
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1. Introduction

Sensory gating refers to the brain’s filtering of irrelevant sensory stimuli, thereby promoting
optimal information processing (Braff and Geyer, 1990). As such, sensory gating is an
important neurocognitive function. Sensory gating deficits can lead to sensory overload and
cognitive fragmentation (Croft et al., 2001), which have been associated with behavioral
disorders, psychotic symptoms, schizophrenia, and schizotypy (McGhie and Chapman,
1961; Freedman et al., 1983; Cadenhead et al., 2000).

Sensory gating is commonly indexed with event-related potentials. The most widely used
method is the conditioning-testing P50 paradigm (Freedman et al., 1983). This procedure
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assesses cortical response suppression to a second (S2 or test) stimulus following an identical
first (S1 or conditioning) stimulus, presented in pairs. Controls can typically reduce S2
amplitude by 80-90% relative to S1, but individuals with schizophrenia only reduce this
amplitude by 10-20% (Freedman et al., 1983).

Cigarette smoking is strongly associated with schizophrenia and schizotypy (Adler et al.,
1998; Kolliakou and Joseph, 2000; Dinn et al., 2004). The “self-medication” model suggests
that schizophrenic or schizotypal individuals smoke to reduce negative symptoms and enhance
cognitive function (Dalack et al., 1998; Taiminen et al., 1998; Lyon, 1999). This model has
also been applied to the relationship between smoking and executive function deficits (Dinn
et al., 2004). Smoking may also improve cognitive function and attentional performance in
attention-deficit/hyperactivity disorder (ADHD) (Coger et al., 1996; Conners et al., 1996;
Pomerleau et al., 1995).

Smoking may exert positive effects on attention by enhancing sensory gating. Superior sensory
gating has been found in chronic smokers (Crawford et al., 2002; Croft et al., 2004). This
relationship appears to interact in complex ways with schizotypy (Wan et al., 2006). In the
latter study, non-smoking high schizotypy individuals exhibited poorer sensory gating than did
non-smoking low schizotypy individuals. In contrast, high schizotypy smokers showed better
sensory gating than did low schizotypy smokers. In the low schizotypy group, smokers showed
poorer sensory gating than non-smokers, whereas smoking status had no effect in the high
schizotypy group.

Posner and Petersen’s (1990) attention model provides a context for the role of sensory gating
in attention. In this model, attention is divided into three processes: “alerting’, ‘orienting’, and
‘conflict’, each implemented by distinct functional brain networks. In alerting, the brain
achieves and maintains an attentive state, which is associated with right frontal and parietal
activity (Coull etal., 1996). During orienting, a cue is selected from sensory input that indicates
which stimulus should be attended to (Posner, 1980), activating the frontal and superior parietal
lobes (Corbetta et al, 2000). Finally, conflict among responses is resolved, a process associated
with anterior cingulate and lateral prefrontal activation (Bush et al., 2000; MacDonald et al.,
2000).

Sensory gating occurs at an early stage of information processing, but its effects may manifest
across the attentional process. However, few studies have directly examined the relationship
between sensory gating and attention, which is the aim of the present study. A positive
association between sensory gating ability and attentional performance was predicted.
Performance on the attention network test (ANT; Fan et al., 2002), a test specifically designed
to assess the three components of Posner and Petersen’s (1990) attention model, as well as a
Stroop task (Lezak, 1995), served as indices of attention. Because of the inverse relationship
between P50 sensory gating values and sensory gating ability, positive correlations indicate
that the attention measure has a negative association with sensory gating, and negative
correlations indicate the opposite. Hence, for both ANT and Stroop tasks, P50 sensory gating
values were predicted to have (1) negative correlations with alerting, accuracy, and orienting
effects, and (2) positive correlations with conflict effects and reaction time. Moreover, the
effects of smoking and schizotypy on sensory gating and attention, which have shown mixed
effects in previous research, were also appraised. Correlations among variables reflecting these
constructs were calculated to explore the complexities of these interactions.
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2. Materials and Methods

2.1. Participants

Thirty-nine right-handed undergraduates were selected (age: M = 18.87 years; SD=1.01; range
=17 - 21 years) from an online survey that included the Schizotypal Personality Questionnaire
(SPQ; Raine, 1991), and smoking history and medical background questionnaires. Participants
reported normal hearing and no history of neurological or psychiatric problems, and stated that
they ingested no prescription or over-the-counter drugs (except for contraceptives), alcohol or
illicit drugs for at least one day before the experiment.

The distribution of SPQ total scores for 613 online volunteers was normal, with mean value
20.56, SD 12.31, range from 0 to 58, and Skewness value was 0.52. The upper 10% of SPQ
distributions is typically used as the cutoff for schizotypy. The 10% high-low cut-offs on the
total SPQ score were 42 and 8 respectively in Raine’s study (1991), and 39 and 10 for English
undergraduate in Hall and Habbits’ study (1996). The present study had 38 and 5 respectively
as 10% high-low cut-offs. Among 613 online participants, 34 participants (20 men and 14
women) met Raine’s high cut-off criteria, 55 (28 men and 27 women) met Hall and Habbits’
high cut-off criteria, and 64 (31 men and 33 women) met our 10% high cut-off criteria.
However, in these 64 participants, only 16 smokers were found and some of them had to be
excluded because of medical or mental problems. Thus, the 1/3 high-low cut-offs were used
in order to include more healthy smokers, with high-low cut-offs 25 and 13 respectively. There
were 19 low schizotypy participants (SPQ: M = 3.53, SD = 3.08) and 20 high schizotypy
participants (SPQ: M = 40.05, SD = 9.47). In the low schizotypy group, there were 9 smokers
(4 women and 5 men) and 10 non-smokers (7 women and 3 men); in the high schizotypy group,
there were 10 smokers (4 women and 6 men) and 10 non-smokers (6 women and 4 men).

Gender may interact with both smoking and schizotypy, and studies of schizophrenia clearly
suggest gender differences in both symptomatology and prognosis (Miller et al., 1995). T-tests
were conducted between men and women among smokers to assess the possible impact of
these factors. No significant gender differences were found for exhaled carbon monoxide (CO;
ppm) levels for both conditions, number of cigarettes per day, smoking time (years), SPQ
scores, and scores on the Fagerstrom Test for Nicotine Dependence (Fagerstrom, 1987) (see
Table 1). Additionally, higher levels of nicotine consumption among schizotypy have been
reported (Williams et al., 1996; Kolliakou et al., 2000), so smokers in the high and low
schizotypy groups may have differed in smoking levels. Consequently, the differential effects
of a four hour withdrawal and reintroduction of nicotine (see procedure) on schizotypal level
might have been confounded with greater physiological disruption in the high schizotypy
group. To examine this possibility, T-tests were conducted between high and low schizotypy
groups among smokers. No significant differences were found between the two groups on CO
levels for both conditions, number of cigarettes per day, and smoking time (years), There was
a trend for the high schizotypy group to show higher Fagerstrém scores (p = 0.052). Therefore,
overall, men and women smokers, and high and low schizotypy smokers appeared to have
similar smoking characteristics in this study.

2.2. Procedure

Virginia Tech’s Institutional Review Board approved the experiment and each participant gave
informed consent. The CO test (see below) and a medical questionnaire were administered to
verify that smoking criteria were met. The Fagerstrém Test (Fagerstrom, 1987) was given at
the beginning of the experiment. Smokers abstained at least four hours before the experiment.
In condition 1, smokers were tested while abstaining. After that, smokers smoked their usual
brand of cigarette and within 3-5 minutes, condition 2 was performed. Smokers had their EEG
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recorded in the P50 paradigm. Non-smokers were tested in the same two conditions but without
smoking. EEG acquisition required about 20 minutes.

Exhaled CO level was assessed twice with a Vitalograph Breath CO monitoring device
(Vitalograph Inc, Lenexa, KS): before condition 1 and immediately after smoking before
condition 2 EEG recording. All abstainers had a CO level below 10 before condition 1. As
expected, smokers increased their CO level significantly from condition 1 to 2, t (17) = 7.21,
p <.001 (Condition 1: M = 2.94, SD = 2.46; Condition 2: M = 9.33, SD =5.05), whereas non-
smokers did not (Condition 1: M = 1.40, SD = 0.60; Condition 2: M = 1.50, SD = 0.61), F (1,
34) =51.87, p < .001.

2.3. EEG Data Collection

Forty identical pairs of 1 ms 1000 Hz sinusoidal tone pips (1ms rise/fall; 70dB), with a 512 ms
inter-click interval and 10000 ms inter-pair interval, were delivered by the Neuroscan®
stimulus generation system through speakers placed 35 cm from each ear. Participants were
instructed to attend to a stationary cross on a computer monitor at eye level, 80 cm in front of
them.

Continuous EEG (0.1 to 100 Hz, 500 Hz sampling rate; gain of 150) was recorded with an
Electrocap® at 30 electrode sites (impedance < 5 kQ), referenced to the nose, plus vertical
(above and below left eye) and horizontal EOG electrodes. Recording, digitization, and
processing were done with Neuroscan® SynAmps amplifier and Scan® version 4.2.
Continuous EEG was epoched offline from —50 ms to 462 ms. Epochs were detrended and
baselined to the pre-stimulus 50 ms period. To eliminate gross eye movement, muscle and
movement artifact, epochs were submitted to semi-automatic artifact rejection (£ 50 pV) for
eye channels, FP1, FP2, F3 and F4. Artifact rejections were then visually confirmed and
verified by two independent experimenters. The numbers of trials retained for each participant
differed as a function of the artifact rejection protocol. Generally 60% to 100% of trials (24 to
40 trails) were kept per participant for further analysis. There were no significant differences
in the number of rejected trials across the groups, and no participants had fewer than 24 trials.
ERP data from participants who had small numbers of ERP trails (24-30) were reprocessed.
Eye blink ERPs for those participants were averaged and transferred to a spatial singular value
decomposition (SVD) file. The SVD file was then subtracted from the filtered continuous EEG.
This process removed the effects of eye blinks on ERPs while simultaneously retaining a high
number of trails. ERP waveforms generated before and after reprocessing were compared, and
waveforms that showed greater consistency for all selected trials were used in subsequent
analyses.

To better image early components, a two-pole Butterworth digital filter (band-pass 10-70 Hz,
24 dB per octave roll-off) was applied to the averaged EPs, which were exported and analyzed
off-line with Brain Vision Analyzer®. A semi-automatic program identified the N40 (30-60
ms) and P50 (45-75 ms) peak amplitudes and latencies for the following regions: frontal (F3,
Fz, F4), fronto-central (FC3, FCz, FC4), central (C3, Cz, C4), centro-parietal (CP3, CPz, CP4),
and parietal (P3, Pz, P4). Peaks were verified by two experimenters separately and adjusted
when necessary. Experimenters were blind to participant’s schizotypy and smoking status. As
shown in Figure 1, separate averaged evoked potentials (EPs) were generated for click 1 and
2 (S1 and S2) for both conditions (condition 1 and 2).

2.4. Attention Tests

The ANT and Stroop tasks were completed after EEG acquisition. In the ANT, there were four
cue conditions (see Figure 2): no cue, center cue (a little star was in the middle of the screen),
double cue (two little stars were shown above and below the middle point of the screen), and
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spatial cue (one little star was shown above or below the middle point of the screen). Stimuli
(an array of five arrows) were presented after each cue. Participants were asked to identify the
direction (left or right) of the middle arrow of each stimulus by clicking the left or right
keyboard key with the respective index finger. The reaction time (RT, in ms) of each trial was
recorded by computer. The alerting effect was calculated by subtracting the mean RTs of the
spatial cue conditions from the no cue conditions. The orienting effect was calculated by
subtracting the mean RTSs of the spatial cue from the central cue conditions. To measure
conflict, the target arrow was presented with four same direction arrows (congruent flanker
condition) or four different direction arrows (incongruent flanker condition). The conflict effect
was calculated by subtracting the mean RTs of the congruent conditions from the incongruent
conditions. Alerting, orienting and conflict effects, mean RTs, and accuracy were automatically
displayed after task completion. A test session consisted of a 24-trial full-feedback practice
block and three experimental blocks of trials with no feedback. Each experimental block
consisted of 96 trials (4 cue conditions x 2 target locations x 2 target directions x 3 flanker
conditions x 2 repetitions). Trial presentation was in random order. The total time for the test
was about 30 minutes.

The Stroop task was used to measure the ability to focus attention and reduce conflict. The task
requires resolution of the conflict between a word name and its ink color (MacLeod, 1991);
performance depends on ignoring irrelevant information (Xu and Domino, 2000). Participants
were asked to identify the color of the displayed symbol or word by clicking the corresponding
key (z for red, x for green, blue for yellow) with the right and left index fingers. The first task
section consisted of 60 trials of colorful symbols, such as *XXXX’. The second section included
80 trials of incongruent information of 12 types: the word ‘red’ written in three colors except
red, the word ‘green’ written in three colors except green, and so on. In the third section, 80
trials of congruent information were presented, of four types: the word ‘blue’ written in blue,
the word ‘yellow’ written in yellow, and so on. The total time for task completion was about
30 minutes. The mean and SD of RT and the number of correct trials per section were displayed
after task completion.

2.5. Statistical Analysis

3. Results

Of all sites, Cz showed the greatest sensory gating, and only fronto-central and central lateral
sites (FC3, FC4, C3, and C4) showed the interaction of schizotypal and smoking on sensory
gating. For this reason, correlational analyses were limited to nine sites circling Cz: FC3, FCz,
FC4, C3, Cz, C4, CP3, CPz, and CP4. Sensory gating was defined as the ratio of N40 — P50
of S2 and S1. The distribution of the data indicated that a non-parametric statistic would be
most appropriate. Therefore, Spearman’s measure of association was calculated to assess the
relationship at each site between sensory gating and each attention component, by condition.
Two-tailed tests were conducted to determine the significance level of the correlations at each
site.

3.1. Group Comparisons

The previous analyses for group comparisons (smokers and non-smokers; high and low
schizotypal groups) on P50 gating ratio and attentional performance were reported in Wan et
al., (2005, 2006). P50 sensory gating was observed to be greater at midline than left/right
hemispheric sites, and fronto-central and central sites. The interaction of schizotypal and
smoking on sensory gating was observed only at fronto-central/central lateral sites (FC3, FC4,
C3, and C4). At fronto-central/central lateral sites, the following effects were observed: (1)
among non-smokers, better sensory gating occurred in the low than high schizotypy group; (2)
among smokers, better sensory gating occurred in the high than low schizotypy group, and (3)
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among the low schizotypy group, smokers showed less sensory gating than non-smokers (Wan
et al., 2006). No significant schizotypy effect, smoking effect and schizotypy and smoking
interaction on ANT and Stroop components was found (Wan et al., 2005).

The present analyses found that no significant difference on P50 amplitudes and latencies
existed between smokers and non-smokers or between high and low schizotypal groups. P50
amplitudes and latencies of condition 1 and 2 and of click 1 and 2 are shown in Table 2 for
each group, as well as P50 gating ration of condition 1 and 2.

3.2. Correlational Analyses

Outliers for the P50 gating ratio and each component of ANT and Stroop were excluded by
means of an iterative algorithmic process for the detection and removal of outliers (Arsham,
n.d.). Gating ratios greater than 1.2 were excluded, as were ANT conflict scores greater than
220 ms, ANT mean RTs greater than 725 ms, ANT accuracies less than 0.81, STOOP conflict
scores greater than 300, and Stroop mean RT greater than 825 ms. Performance of each group
on ANT and Stroop are shown in Table 3.

Correlations were initially performed among all participants (n = 39). Significant correlations
are shown in Table 4; two sample scatterplots are shown in Figure 3. For example, P50 gating
ratio (on CP3 and CP4 in condition 1) was positively correlated with the ANT conflict effect,
and P50 gating ratio (on C3 in condition 1) was negatively correlated with ANT accuracy and
Stroop accuracy.

Since group differences on P50 gating ratio were shown at fronto-central and central lateral
sites in the previous study (Wan et al., 2006), correlation analyses were then conducted among
smokers, non-smokers, and low and high schizotypy groups separately. Significant correlations
for each group are shown in Tables 5 and 6; a sample scatterplot is shown in Figure 4.

Smokers had a larger number of relationships than non-smokers. As shown in Table 5, among
smokers, P50 gating ratio positively correlated with ANT conflict, ANT mean RT, and Stroop
conflict, and negatively correlated with ANT accuracy and Stroop accuracy. Interestingly, P50
gating ratio in condition 1 correlated negatively with ANT orienting, but this relationship was
positive for condition 2. In addition, more sites showed significant relationships in condition
2 (following smoking) than in condition 1 (before smoking). Among non-smokers, P50 gating
ratio only positively correlated with ANT conflict.

A greater number of significant relationships were found in the high schizotypy group than in
the low schizotypy group (Table 6). In the high schizotypy group, P50 gating ratio positively
correlated with ANT conflict and Stroop conflict, and negatively correlated with ANT alerting,
ANT orienting, ANT accuracy and Stroop mean RT. Among the low schizotypy group, P50
gating ratio showed a positive relationship with ANT conflict and Stroop mean RT, and a
negative relationship with Stroop accuracy. P50 gating ratio in condition 2 was negatively
associated with Stroop mean RT in the high schizotypy group, but this relationship was positive
in low schizotypy group.

4. Discussion
4.1. P50 Sensory Gating and Attention

Sensory gating, as assessed by P50 suppression, showed a moderate relationship to ANT
performance and a weak relationship with Stroop performance across all participants (Table
4). These relationships were restricted to sites in the centro-parietal region; no significant
correlations were observed in the fronto-central region. Four of the six centro-parietal sites
used in the analyses yielded significant correlations between sensory gating and ANT
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performance with an average magnitude of r = 0.37. In contrast, only one significant correlation
between Stroop scores and sensory gating values was obtained. The significant associations
that were observed are consistent with the hypothesized positive relationship between P50
sensory gating and attentional performance. Examination of individual tasks components
reveals that (a) ANT alerting and accuracy showed negative associations with sensory gating,
(b) ANT conflict had a positive relationship with sensory gating, and (c) Stroop accuracy
showed a negative correlation with sensory gating. Because low sensory gating values
represent better sensory gating ability, positive correlations indicate that the attention measure
has a negative association with sensory gating, and negative correlations indicate the opposite
relationship. Hence, the data generally suggest that sensory gating ability is positively
associated with attentional vigilance and precision, and the capacity to resolve attentional
conflict.

Sensory gating is considered to reflect an automatic, preattentive component of information
processing, in contrast to later, more controlled aspects of auditory attention (Jerger et al.,
1992). ERP waveforms between 20 and 50 ms after auditory stimulus onset are distinct from
subsequent waveforms observed during selective auditory attention, a phenomenon known as
the ‘P20-50 attention effect’ (Woldorff and Hillyard, 1991). It takes auditory inputs about 20
ms to reach the human cortex, and the P20-50 effect is attributed to preliminary modulation
of attention prior to more thorough perceptual analysis (Gazzaniga et al., 2002). In support of
this model, instructions to attend to either the intensity or number of auditory stimuli have been
shown to affect N100 amplitude and RT to S2, but not P50 suppression (White and Yee,
1997). The present findings highlight the important role of sensory gating on early information
processing of auditory attention. Sensory gating was positively associated with performance
on both the ANT and Stroop tasks. Moreover, a cross-modality effect was demonstrated in that
P50 suppression was positively associated with visual attention performance on these tasks.

4.2. Modification by Smoking Status and Schizotypy

In general, the trends described above regarding sensory and attentional performance were
replicated when assessed separately in smokers and non-smokers (Table 5). However, over
three times as many significant correlations between sensory gating and attention were
observed in the smokers than in the non-smokers. Additionally, both the magnitude of the
correlations and the number of attention components showing significant associations
increased when calculated separately by smoking status. Significant relationships between
sensory gating and ANT orienting and RT, and Stroop conflict were found in the smoking
group, but not in the non-smokers or in the analyses that included all participants. One possible
interpretation of these findings is that chronic smoking enhances the relationship between
sensory gating and attention. This notion is consistent with reports that smoking and nicotine
improve attention and cognitive function in ADHD (Pomerleau et al., 1995;Coger et al.,
1996;Conners et al., 1996). Chronic smoking can also enhance sensory gating, although acute
effects have been less consistent (Crawford et al., 2002;Croft et al., 2004). This may explain
why, consistent with predictions, ANT orienting was negatively correlated with sensory gating
before smoking, but this relationship was reversed after smoking. Acute smoking may have
enhanced ANT orienting to a greater degree than it did sensory gating, and so the direction of
the relationship was reversed in the post-smoking condition. However, when the data are split
by smokers and nonsmokers (Table 5), there are actually a greater number of significant
correlations, albeit at different sites, in the post-smoking condition.

On the whole, both low and high schizotypy groups produced correlations consistent with the
notion that sensory gating/P50 suppression is positively associated with attentional
performance on the ANT and Stroop tasks (Table 6). However, unlike the smoking comparison,
no clear differences in the pattern of correlations emerged based on schizotypy status.
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Schizotypy has been associated with poor sensory gating (Cadenhead et al., 2000). An
anomalous negative association was observed between sensory gating and Stroop RT in the
high schizotypy group in condition 2. The schizotypy groups had nearly identical distributions
of smokers and non-smokers, but among smokers, high schizotypy individuals had higher
Fagerstrom scores than low schizotypy individuals (Table 1). Again, the effects of acute
smoking may have differentially affected sensory gating and RT, distorting the nature of their
relationship. It is notable that it was only in the post-smoking condition that associations
inconsistent with the predicted relationship between sensory gating and attention were
observed, highlighting the important distinction between the acute and chronic effects of
nicotine on sensory gating and attention. It also appears that chronic smoking exerted a greater
mediating effect on the sensory gating-attention relationship than schizotypy status did.
Although 70% of the high schizotypy sample met standard criteria for this designation, the
correlations based on schizotypy may have been attenuated by the 30% that did not meet these
criteria. In contrast, smoking status may have been more precisely assessed with the measures
used in this study.

4.3. Limitations and Future work

One possible limitation in the current work is the lower cut-off (1/3) on SPQ total score for
schizotypy, which may have led to spurious results. Some researchers argued that the lower
cut-off may lead to inclusion of participants high in social anxiety but low in perceptual
anomalies who maybe not true schizotypy (e.g., Claridge et al., 1996; Bergman et al., 1996).
Moreover, anxiety may influence P50 suppression (e.g., Johnson and Adler, 1993; White and
Yee, 1997). To test whether our high schizotypy group included some participants high in
social anxiety but low in perceptual anomalies, we did an additional analysis on SPQ scores.
In the high schizotypy group, 14 participants (70%; 5 men and 9 women) met the more stringent
10% cutpoint criteria (SPQ total score > 38), 6 participants (30%; 4 men and 2 women) fall
into the upper 1/3 to upper 10% SPQ total score distribution (SPQ total score from 25 to 37).
Among all of them, SPQ social anxiety score was positively correlated with SPQ cognitive-
perceptual score, SPQ interpersonal score, SPQ disorganized score, and SPQ total score (all
ps < 0.05). Among the 14 participants in the upper 10%, SPQ social anxiety ranged from 3 to
8 and SPQ cognitive-perceptual score ranged from 11 to 25; among the 6 participants in the
upper 1/3 to 10% range, SPQ social anxiety ranged from 1 to 6 and SPQ cognitive-perceptual
score ranged from 4 to 20. In fact, only one participant had a relatively high society anxiety
score (6) and low cognitive-perceptual score (4) in the study. Exclusion of this participant does
not change the results on sensory gating and attention. Nonetheless, this issue should be
considered in future work, possibly with an anxiety scale for screening schizotypal participants.

Conditions 1 and 2 tended to show different patterns of correlations that varied by group. In
condition 1, smokers abstained for at least four hours; in condition 2, ERPs were acquired
immediately after smoking, but ANT was conducted between 20 and 50, and the Stroop
between 50 and 80 minutes after smoking. Hence, acute smoking effects may have been
differentially manifested in sensory gating values and attentional performance, possibly
accounting for inconsistencies between conditions 1 and 2. Moreover, counterbalancing the
conditions was not feasible, so fatigue or practice effects in the second condition cannot be
ruled out. Future research is needed to assess the relative contributions of fatigue and smoking
in P50 suppression paradigms involving attention, particularly when comparing groups that
differ on schizotypy.

Another problem is that both smoking and non-smoking groups included high and low
schizotypy individuals, and likewise, groups divided by schizotypy scores had both smokers
and non-smokers. Furthermore, all groups included both genders. Although analyses described
above indicated that these variables were evenly distributed, subdividing the smoking and
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schizotypy groups by other variables led to small subject subsets, limiting the conclusions that
can be drawn from these comparisons. Future research could focus on either smoking or
schizotypy, and control the other factor, or include large enough samples so that both factors
could be examined simultaneously.

Although there was no significant differences on CO levels for both conditions, number of
cigarettes per day, smoking time (years), and Fegarstrom scores between low and high
schizotypy smokers, nicotine withdrawal may interact with level of schizotypy symptoms as
a third variable. Relationships between attention and P50 gating in the high schizotypy group
may have been affected by the degree of nicotine withdrawal. The high schizotypy smokers
reported smoking 6.15 cigarettes per day, which is an average of one cigarette about every two
to three waking hours. In contrast, the low schizotypy smokers smoked only 1.75 cigarettes
per day, or about one every nine hours. Since all smokers abstained from smoking for four
hours before ERP data collection, high but not low schizotypy smokers may have been in a
state of nicotine withdrawal when tested. As such, the stress levels resulting from nicotine
withdrawal may not have been constant for high and low schizotypy smokers. Because stress
has been shown to impair P50 suppression and may influence attention (White and Yee,
1997), future researchers should assess the stress level of abstained smokers before the P50
test. This confound appears to be inherent in studies that compare different levels of smokers
and require a period of abstinence as part of the experimental protocol. Although it may be
better to match the smoking status for low and high schizotypy smokers, from 613 online
participants, we only identified nine low schizotypy smokers. Hence, although this group is of
intrinsic scientific interest, their low numbers is a recruiting obstacle that should be anticipated
in future research.

Another potential limitation concerns the impact of groups with a reduced range of P50 ratios
(i.e., low schizotypals and non-smokers). This reduction in range may have attenuated
associations between the ERP and attentional measures in such instances. Future work should
include large enough samples to insure larger ranges of ERP indices.

The relationship between sensory gating and attention was found to vary by EEG site.
Specifically, central lateral sites showed the most consistent relationships between sensory
gating and attention. P50 source localization studies have yielded mixed results, with various
reports placing the origin of the P50 in the auditory cortex (Wood and Wolpaw, 1982; Weisser
et al., 2001), hippocampus (Goff et al., 1980), reticular structures (Erwin and Buchwald,
1986), and frontal cortex (Weisser et al., 2001). Magnetoencephalographic data showed that
the M50, the magnetic analog of the P50, was localized in the superior temporal gyri (Edgar
etal., 2003). Sensory gating may be a multi-step process, with an early phase subserved by the
temporo-parietal and prefrontal cortices and a later phase mediated by the hippocampus
(Grunwald et al., 2003). The present data also point toward a role for the midline region in
sensory gating, with P50 suppression at CP4, C3, and C4 showing the largest overall number
of significant correlations with attentional measures. However, observed associations tended
not to be consistent by site across conditions, even within groups. Future work related to P50
source localization will help identify the brain mechanisms involved in sensory gating, as well
as clarify the role of sensory gating in attention. Additionally, inclusion of N100 data may help
illuminate how these sensory ERP waveforms contribute to the early stages of attention.
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Figure 1.

Grand Averaged Evoked Potentials on C3 for Four Groups under Two Conditions (Black line
is the response to S1; red line is the response to S2)

Int J Psychophysiol. Author manuscript; available in PMC 2009 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Wan et al.

*
+
*
+ * +
*
+
*
no cue center cue double cue spatial cue
—_—— — —— — — —_—— — — —
—_— —_—,—,—> — —> -— — — — —
Neutral Congruent Incongruent
cue
+
*
+
target

+
Dy
Y00, e
/ )
g +

Yy mg

Figure 2.
Attention Network Test (Fan et al., 2002)
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Correlations between P50 Gating Ratio and ANT Accuracy and Stroop Accuracy among all
Participants at C3, condition 1 (ANT: r = —.364; p = .034; n = 34; Stroop: r = —.406; p = .015;
n = 35)

Int J Psychophysiol. Author manuscript; available in PMC 2009 February 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wan et al.

Page 16

700

650 ®

600

550

500

450 ®

400 _
2 4 6 8 1.0 1.2

ANT Mean Reaction Time (ms)

P50 Gating Ratio (C4)

Figure 4.
Correlation between P50 Gating Ratio and ANT Mean Reaction Time among Smokers at C4,
condition 1 (r = .655; p =.006; n = 16)
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Table 1

The influence of schizotypy level and gender on smoking variables among smokers

Page 17

High Schizotypy Low Schizotypy t(17) p
CO for Condition 1 3.00 2.88 0.10 0.92
CO for Condition 2 9.40 9.25 0.06 0.95
Cigarettes per Day 6.15 1.72 171 0.11
Smoking Time (years) 2.85 1.94 1.20 0.25
Fagerstrdm Score 1.80 0.33 2.09 0.05

Men Women t(17) p
CO for Condition 1 3.00 2.85 0.12 0.91
CO for Condition 2 9.73 8.71 0.40 0.69
Cigarettes per Day 2.64 6.00 -1.24 0.23
Smoking Time (years) 1.95 3.06 -1.48 0.16
Fagerstrom Score 0.64 1.75 -1.49 0.16
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P50 amplitudes, P50 latencies, and gating ratios on Cz for condition 1 and 2 (Mean + SD)

Table 2

Page 18

Smoker Non-smoker High Schizotypy Low Schizotypy
N = 19 20 19 20
P50 Amplitude (uV):
Condition 1 Click 1 416 +2.95 4.28 £2.69 4.40+241 4.05+3.16
Condition 1 Click 2 1.85+1.81 1.74£0.85 1.81£0.87 1.77£1.76
Condition 2 Click 1 4.02+1.91 4.05+2.35 4.28 +2.09 3.78+2.17
Condition 2 Click 2 2.02+1.53 1.81+150 1.93+1.30 189+£1.72
P50 Latency (ms):
Condition 1 Click 1 63.16 + 9.67 61.90 +6.44 63.60 +8.07 61.37 £8.17
Condition 1 Click 2 62.32+7.00 60.00 + 6.84 61.90 +7.38 60.32 £ 6.51
Condition 2 Click 1 62.63 £7.97 63.40 £ 6.96 65.20 £7.85 60.74 £ 6.26
Condition 2 Click 2 63.79+7.21 61.40 +6.29 63.00 £6.21 62.11+7.47
P50 Gating Ratio (%):
Condition 1 0.50+0.33 0.49+0.27 0.43x+0.18 0.55+0.37
Condition 2 0.59 +0.27 0.53+0.27 0.55+0.28 0.57+0.29
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Table 3
Performances on ANT and Stroop of each group (Mean + SD)

Page 19

Smoker Non-smoker High Schizotypy Low Schizotypy
N = 19 20 19 20
ANT:
Alerting (ms) 30.78 £20.16 25.50 £ 20.14 30.26 £20.15 25.74 £ 20.25
Orienting (ms) 35.50 £19.63 40.50 = 22.75 34.16 £ 19.00 42.11 +23.00
Conflict (ms) 133.67 +51.40 132.85 + 45.38 124.37 + 34.59 142.11 + 57.50
Mean RT (ms) 539.06 + 58.96 559.50 + 67.95 530.79 £51.24 568.84 + 70.61
Accuracy (%) 94.32 £7.85 97.70 £ 2.16 95.30 £7.57 96.84 £ 3.30
Stroop:
Conflict (ms) 73.90 + 58.66 111.39 + 106.92 85.60 + 101.58 101.05 + 72.51
Mean RT (ms) 671.66 * 86.63 670.94 £72.70 661.71 + 82.40 681.38 + 75.55
Accuracy (%) 83.33+4.00 84.25 + 3.55 83.29+3.58 84.34 £ 3.95
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Table 4

Significant correlations between P50 gating ratio and performances on ANT and Stroop (STP) among all
participants (r/p/n; o = 0.05)

Condition 1 Condition 2

ANT alerting
ANT conflict

ANT accuracy
STP accuracy

CPz —.354/.047/32
CP3 .355/.039/34
CP4 .372/.030/34 CP4 .450/.011/31
C3-.364/.034/34
C3-.406/.015/35

r = correlation coefficient

p < 0.05 is considered as significant

n = the number of participants
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Table 5
Significant correlations between P50 gating ratio and performances on ANT and Stroop (STP) among smokers
and non-smokers (r/p/n; a. = 0.05)

Smokers Non-smokers
Condition 1 (nicotine Condition 2 (following Condition 1 Condition 2
withdrawn) smoking)
ANT orienting CP4 —.650/.012/14 FC3 .588/.027/14

FC4 .516/.049/15
C4 .541/.031/16
ANT conflict FCz .515/.034/17 C4 .662/.005/16
CP4 .633/.008/16

ANT mean RT C4 .655/.006/16 CPz .545/.029/16

ANT accuracy C3-.629/.012/15

STP conflict C3 .543/.045/14
CP3.572/.032/14

STP accuracy C3 -.568/.022/16 CP4 -.706/.002/16

r = correlation coefficient
p < 0.05 is considered as significant

n = the number of participants
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Table 6
Correlations between P50 gating ratio and performances on ANT and Stroop (STP) among high schizotypy group
and low schizotypy group (r/p/n; o. = 0.05)

High Schizotypy Low Schizotypy

Condition 1 (nicotine Condition 2 (following Condition 1 (nicotine Condition 2

withdrawn) smoking) withdrawn) (following smoking)
ANT alerting Cz —-.541/.020/18
ANT orienting CPz —-.601/.011/17

CP4 -.528/.029/17
ANT conflict C4 .490/.033/19 C3.569/.027/15

CP3 .536/.032/16

ANT accuracy FC4 —.563/.045/13
STP conflict FC3 .518/.040/16 C4 .618/.024/13
STP mean RT Cz —.498/.030/19 CP4 .778/.000/16
STP accuracy C3-.575/.020/16 CP4 —.529/.029/17

r = correlation coefficient
p < 0.05 is considered as significant

n = the number of participants
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